Aim. To examine the formation of supramolecular complexes of biogenous rhamnolipids with membrane
Introduction. Surface active compounds of natural or biotechnological origins including rhamnolipids, being widely investigated in a number of studies [1] [2] [3] [4] [5] [6] [7] [8] , are perspective antimicrobial agents for application in modern technologies in pharmacology, cosmetology, food industry and agriculture. The biogenic surfactants are produced by special strains of microorganisms or plants [1] [2] [3] 7] . The advantages of these surfactants as compared with synthetic ones are non-toxicity, biodegradability and ecological safety. Biosurfactants belong to the class of amphiphilic compounds the molecules of which contain hydrophobic and hydrophilic parts. Owing to the unique physicochemical properties, these compounds reveal membranotropic activity [4, 8] , and, therefore, the considered molecular mechanism of the surfactants antimicrobial action is their interaction with bacterial membrane structures [6] . In the present work the samples of rhamnolipid biosurfactants produced by Pseudomonas sp. PS-17 have been investigated by electrospray ionization (ESI) mass spectrometry (MS) for the first time.
Materials and Methods. The samples of biosurfactants studied -mono-(RL1) and di-(RL2) rhamnolipids -were obtained from the Department of Physical Chemistry of Combustive Minerals, Institute of Physical-Organic Chemistry, NAS of Ukraine, Lviv. The rhamnolipid biosurfactants were produced naturally by a bacterial strain Pseudomonas sp. PS-17 and obtained by the method described in [9] . The extracted mixture of di-and monorhamnolipids was separated by thin layer chromatography. However the final sample of RL1 contained an admixture of RL2 and vice versa that was shown in the MS spectra. The structures of monoand dirhamnolopids, L-Rhamnosyl-b-hydroxydecanoyl-b-hydroxydecanoate (RL1, M r = 504 Da) and LRhamnosyl-L-rhamnosyl-b-hydroxydecanoyl-b-hydroxydecanoate (RL2, M r = 650 Da), are presented in the Scheme a and b, respectively.
Methanol (Super grade), being used as a solvent, was purchased from Lab-Scan (Ireland).
The synthetic phospholipid dipalmitoylphosphatidylcholine (C 40 H 80 NO 8 P, M r = 734 Da) was purchased from ALSI, the company distributing the SIGMA-ALDRICH products in Ukraine (Kyiv, Ukraine).
MS data were obtained in the positive ion mode, using a mass spectrometer API 2000 quadrupole HPLC-MS/MS (Perkin Elmer Sciex, Canada) equipped with the Turbo IonSpray source. This source was operated in the standard ESI mode. The ESI source temperature was set to 200 °C. Curtain gas (N2) back pressure of 0.14 MPa (20 units), nebulizer gas (N2) of 0.42 MPa (60 units) and turbo gas (N2) of 0.21 MPa (30 units) were applied. Ion source capillary voltage was set to 4 kV. The typical declustering potential value was 35 V, focusing potential value -200 V and entrance potential -10 V. ESI spectra were recorded in the mass range of m/z 100-4000. Data acquisition and processing were performed using Analyst 1.4.1 software.
Results and Discussion. At the first stage of the study solutions of the samples of RL1 and RL2 in methanol with the final concentration of 250 mM were investigated by ESI MS and characteristic spectra of the biosurfactants were obtained. The spectra registered are in a good agreement with the MS spectra of rhamnolipid samples produced by another strains of microorganisms and investigated in [10, 11] + at m/z 689, RA 39 % for the dirhamnolipid ( Fig. 1, B) . Cationization as a way of ion formation is characteristic for the electrospray method of ionization [10, 12] . These peaks of the compounds can be used as reference peaks to reveal rhamnolopids in any biological samples or biotechnological products by ESI MS method and to study the compounds interactions with target biological molecules.
At the next stage of the experiments the interaction of these biosurfactants with membrane phospholipid dipalmitoylphosphatidylcholine (PL) was examined. The spectra of the systems RL1 + PL (1:1) (Fig. 2, A) and RL2 + PL (1:1) (Fig. 2, B (Fig. 2, B) . The experimental detection of the stable cationized supramolecular complexes of rhamnolipid and phospholopid molecules in the mass spectra is a nontrivial result which confirms a high stability of the complexes being sprayed from the solution under high ion source capillary voltage (4 kV). In ESI MS, which is widely used for investigating noncovalent complexes, it is assumed that the ions of supramolecular complexes registered in the spectra reflect the composition of the liquid sample and can be used to characterize the complexation processes occurring in the solution [12] . The formation of the noncovalent complexes of membranotropic rhamnolipids with membrane phospholipids is considered as a possible molecular mechanism of antimicrobial activity of the biosurfactant studied. The supramolecular complexes of the rhamnolipids with phospholipids can affect the liquid-crystalline state of the membrane lipid matrix of microorganisms and disturb some membrane processes, including cells transport and breathing, like it was reported for another membranothropic agent, bisquaternary ammonium compound decamethoxinum, having been studied in our previous investigations [13] . 
Fig. 2. ESI mass spectra of the RL1 + PL (A) and RL2 + PL (B) mixture in MeOH
Conclusions. In the present study the biogenic rhamnolopid biosurfactants produced by Pseudomonas sp. PS-17 have been investigated by the ESI MS for the first time. In the spectra of rhamnolipid samples solutions in MeOH the intensive peaks of cationized molecules of the compounds were registered that demonstrates the great potential of ESI MS method for the identification of biosurfactants in different samples. As a result of the ESI MS investigation of the mixtures of rhamnolipids and dipalmitoylphosphatidylcholine (1:1), the cationized noncovalent complexes of the biosurfactant and phospholipid molecules were observed. The formation of stable supramolecular complexes of the membrane phospholipids with the biosurfactants revealed in the experiments is considered as the molecular mechanism of their antimicrobial activity.
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